Chronic hepatitis B (CHB) is a major health problem, with an estimated prevalence of 350 million carriers worldwide. Each year CHB is responsible for more than 1 million deaths from cirrhosis and hepatocullar carcinoma (HCC). Results: During 24-month treatments, the decreases in serum log10HBV-DNA values (copies/mL) were significantly greater in the antiviral-naïve patients treated with ETV than the patients receiving ADV add-on LAM combination treatment. The biochemical response rates for alanine aminotransferase normalization at 6 months (ETV) and 12 months (ADV add-on LAM) were 90.4% (66/73) and 77.8% (42/54), respectively (P=0.048). A Kaplan-Meier analysis indicated that the rates of serologic response, viral breakthrough, and emergence of genotypic resistance did not differ significantly between the two patient groups. There were also no significant intergroup differences in the rates of disease progression (PD) and new development of hepatocellular carcinoma (HCC).
INTRODUCTION
Chronic hepatitis B (CHB) is a major health problem, with an estimated prevalence of 350 million carriers worldwide. Each year CHB is responsible for more than 1 million deaths from cirrhosis and hepatocullar carcinoma (HCC). 1 The risk of disease progres-http://www.e-cmh.org http://dx.doi.org/10.3350/cmh.2016.0019 sion (PD) to cirrhosis and HCC, and liver-related mortality are strongly correlated with serum HBV-DNA levels, and the suppression of HBV-DNA to undetectable levels has been adopted as an important endpoint for antiviral treatment in patients with CHB. [2] [3] [4] [5] [6] Evidence-based medicine has demonstrated that effective antiviral treatment of CHB reduces the risk of long-term complications such as the emergence of liver cirrhosis and HCC, and improves patient survival. 7, 8 Currently available antiviral drugs for CHB include peginterferon-α and nucleos(t)ide analogue (NA) HBV polymerase inhibitors [lamivudine(LAM), adefovir (ADV), entecavir (ETV), telbivudine (LdT) and tenofovir (TFV)]. ETV is a potent antiviral agent with a high genetic barrier and it induces a significant decline in viral loads in both HBeAg-positive and HBeAg-negative treatment-naïve patients. 9, 10 Genotypic resistance to ETV in treatment-naïve patients is rare, occurring in 1.2 % of patients after 5 years of therapy, while only 0.8% of patients develop a viral breakthrough due to ETV resistance. 11 ETV monotherapy as a rescue therapy for CHB patients with LAM resistance resulted in continued viral suppression and biochemical and serologic responses; however, sequential ETV monotherapy resulted in a 5-year cumulative probability of genotypic ETV resistance of 51%. 11 As a rescue therapy for CHB patients with LAM resistance, ADV add-on LAM combination treatment is superior to sequential ADV monotherapy, resulting in effective viral suppression and a reduced risk of developing genotypic resistance. 12, 13 Long-term viral suppression by drugs with potent antiviral activity and a low rate of drug resistance to achieve a durable response could be a common principle in the prevention of deterioration of liver function (to hepatic decompensation), reduction or prevention of progression to liver cirrhosis (and its complications) and/or HCC, and the prolongation of survival. 14, 15 Consensus has been reached that treatment must be administered long-term due to the high rate of virologic relapse when nucleos(t)ide analogue (NA) therapy is discontinued. So far, the effect of preexisting LAM resistance and adopted antiviral treatment (ADV add-on LAM combination treatment) on the long-term treatment outcomes, such as the deterioration of liver function, progression to liver cirrhosis (and its complications) and/or HCC remains unclear.
The aim of the current study is to analyze the effect of preexisting LAM resistance and adopted antiviral treatment (ADV add-on LAM combination treatment) on the long-term treatment outcomes, comparing the clinical outcomes of antiviral-naïve CHB patients with patients on ETV monotherapy.
MATERIALS AND METHODS

Study population
Two hundred twenty-eight patients who underwent antiviral treatment for CHB, including ETV 0.5 mg once a day as an initial therapy and ADV add-on LAM combination treatment as a rescue therapy for pre-existing genotypic resistance to LAM from July 2006 to July 2010, were considered to be eligible candidate for the current study. Among them, 101 patients were excluded from the final analyses due to the following reasons: (1) initially diagnosed HCC (n=3), (2) adoption of ETV 1.0 mg once a day as a rescue treatment for genotypic resistance to LAM (n=23), (3) drug noncompliance (n=27), (4) co-infection with hepatitis C virus (n=2), and (5) inadequate follow-up (less than 12 months) or follow-up loss (n=46). Ultimately, 73 antiviral naïve patients who were initiated on ETV 0.5 mg once a day as an initial therapy and 54 patients on ADV add-on LAM combination treatment as a rescue therapy for preexisting genotypic resistance to LAM were enrolled in the current retrospective cohort study. The median (range) duration of follow-up for these patients was 50 (23~83) months. This study was conducted in accordance with the principles of the Declaration of Helsinki. Our study protocol obtained the approval of the Ethics Committee of Kangbuk Samsung Hospital (KBC11054, approved at 2011-05-16).
Efficacy end points
The primary end point was the time to disease progression (PD), defined by the following criteria: (1) escalation of the Child-Turcotte-Pugh (CTP) score by more than 2 points, (2) new appearance of complications of liver cirrhosis such as ascites, bleeding gastroesophageal varices, and hepatic encephalopathy, and (3) new development of hepatocellular carcinoma and/or cirrhosis. The secondary end points included the following: (1) reduction in the serum HBV-DNA, defined as a mean log 10 HBV-DNA (copies/ mL) decrease, from the baseline to a designated time point after the initiation of the antiviral treatment, (2) the proportion of patients with undetectable HBV-DNA (<116 copies/mL by quantitative PCR assay) 6 months and 12 months after the initiation of ETV 0.5 mg once a day and ADV add-on LAM combination treatment, respectively, (3) the proportion of patients with alanine aminotransferase (ALT) normalization 6 months and 12 months after the initiation of ETV 0.5 mg once a day and ADV add-on LAM combination treatment, respectively, (4) the proportion of http://dx.doi.org/10.3350/cmh.2016.0019 patients with HBeAg negative conversion and/or seroconversion, and (5) the proportion of patients with the emergence of viral breakthrough and genotypic resistance.
Laboratory assays
Routine liver biochemical tests including serum ALT, aspartate aminotransferase (AST), albumin, total bilirubin, prothrombin time, and creatinine level were determined at the baseline and every 3 months during the treatment with ETV 0.5 mg once a day or ADV add-on LAM combination treatment, using a sequential multiple autoanalyzer (Hitachi, Tokyo, Japan). HBV-DNA was measured at the baseline and every 3 months during the treatment with ETV 0.5 mg once a day or ADV add-on LAM combination treatment by the real-time PCR method using a COBAS TaqMan analyser (Roche Diagnostics, Mannheim, Germany) with a lower limit of detection of 116 copies/mL. Hepatitis B e antigen (HBeAg) and antibody against HBeAg were tested with commercial radioimmunoassay kits (Abbott Laboratory, North Chicago, IL, USA). Mutations in the tyrosine-methionine-aspartate-aspartate (YMDD) motif of the HBV-DNA polymerase gene (rt204 and rt180) were identified at the baseline using restriction fragment mass polymorphism (RFMP) analysis, as previously described. 16 For the detection of ADV resistant mutation, RFMP analysis was performed at the baseline and at the time of the virologic breakthrough, as previously described. 16 The genotytpic analysis obtained by RFMP was confirmed using sequencing analysis. For detection of ETV resistance, direct sequencing using a Dye Primer Cycle Sequencing Kit and the Open Gene Automated DNA Sequencing System (Visible Genetics Inc., Toronto, Canada) was used at the baseline and at the time of the virologic breakthrough.
Follow-up and definitions
Patients were monitored at the baseline and every 3 months thereafter during the dosing period. Patients underwent clinical assessment of tolerability and drug compliance (checked with a pill count), physical examination, and blood drawing for measurements of laboratory parameters and HBV-DNA levels. The upper limit of normal for ALT was 40 IU/L. A complete responder was considered as a patient who had undetectable serum HBV-DNA by PCR (<116 copies/mL) 6 and 12 months after the initiation of ETV 0.5 mg once a day and ADV add-on LAM combination therapy, respectively. A nonresponder (initial treatment failure) was considered as a patient with a decline in the HBV-DNA level to less than 2 log 10 copies/m value 6 and 12 months after the initiation of ETV 0.5 mg once a day and ADV add-on LAM combination therapy, respectively. A virologic breakthrough was considered as an increase in the HBV-DNA level to more than 1 log 10 value compared with the trough level after an initial period of complete or partial response to that treatment. A biochemical breakthrough was defined as an increase in ALT activity above the ULN after an initial return to normal levels.
Statistical analyses
For a comparison of the antiviral efficacy, and the frequency of the occurrence of viral breakthrough and genotypic resistance between each treatment group during the study period, an independent samples t-test for continuous data and Fisher's exact test for categorical data were carried out. The efficacy parameters included serum HBV-DNA and ALT levels. Cumulative HBeAg loss/seroconversion was compared between each treatment group using a 
RESULTS
Comparison of baseline characteristics between the patients group with ETV monotherapy and ADV addon LAM combination treatment
The baseline demographic and disease characteristics of the enrolled antiviral-naïve patients with ETV 0.5 mg treatment and patients with ADV add-on LAM combination treatment as a rescue therapy for preexisting genotypic resistance to LAM were well balanced except for the follow-up period (Table 1 ). All patients had genotype C HBV infection. The proportion of patients with liver cirrhosis, CTP class, HBeAg positivity, baseline ALT level and baseline log 10 HBV-DNA (copies/mL) values were comparable between the two patient groups. The mean ± standard deviation (SD) duration of LAM treatment before adoption of ADV add-on LAM combination treatment was 13.9 ± 20.2 months, and the composition of baseline genotypic resistance profile for these patients was as follows; rtM204I only -15 (27.8%), rtM204I + rtL180M -13 (24.1%), rtM204V + rtL180M -19 (35.2%), and rt-M204I/V + rtL180M -7 (13.0%).
Comparison of virologic, serologic, biochemical responses and genotypic resistance between the patients group with ETV monotherapy and ADV add-on LAM combination treatment
The mean ± SD reduction of the serum log 10 HBV-DNA (copies/ mL) from the baseline to 3, 6, 12, 24, 36, 48 and 60 months was -3.60 ± 1.71, -4.80 ± 1.60, -5.20 ± 1.66, -5.52 ± 1.95, -5.39 ± 2.09, -5.15 ± 2.26, and -4.45 ± 2.03 in the ETV group, and -2.86 ± 1.36, -3.46 ± 1.54, -3.88 ± 1.79, -4.38 ± 2.13, -4.82 ± 1.96, -5.10 ± 2.06, and -5.60 ± 1.82 in the ADV add-on LAM group, respectively (Fig. 1) . For comparisons of repetitive serum log 10 H-BV-DNA (copies/mL) values between the two treatment group, we adopted linear mixed model and found that more significant decrease in serum log 10 HBV-DNA (copies/mL) values was noted in ETV treatment group compared to ADV add-on LAM combination group (coefficient 0.2319261, standard error 0.3009238, z 0.77, P >|z| 0.441, 95% confidence interval -0.3578737 ~ 0.8217258).
After 6 months of ETV treatment and 12 months after ADV addon LAM treatment, ALT normalization was observed in 90.4 % (66/73), and 77.8% (42/54) of patients who received ETV and ADV add-on LAM treatment, respectively ( Fig. 2A, P=0 .048 by Chi-square test). The rates of HBV-DNA PCR undetectability (<116 copies/mL) 6 and 12 months after the initiation of ETV and ADV add-on LAM combination treatment were 75.3% (55/73) and 57.4% (31/54), respectively (Fig. 2B, P=0 .037). The cumulative HBeAg loss and seroconversion rates were not significantly different between the ETV and ADV add-on LAM treatment group by Kaplan-Meier analysis with log rank comparison (Fig.  3A) . The cumulative rates of the emergence of viral breakthrough and genotypic resistance were also not significantly different between the ETV and ADV add-on LAM treatment groups by KaplanMeier analysis with log rank comparison (Fig. 3B) .
Disease progression and HCC development
For the median (duration) follow-up of 50 (23-83) months, PD was observed in seven patients (9.6%) in the ETV group and eight patients (14.8%) in the ADV add-on LAM group. Among the seven PD patients in the ETV group, five patients developed new HCC lesions, one patient developed new liver cirrhosis, and the remaining one patient died from liver failure with hepatorenal syndrome. Among the eight PD patients in the ADV add-on LAM group, five patients developed new liver cirrhosis, two patients developed new HCC lesions, and the remaining one patient became deceased by liver failure with hepatic encephalopathy and sepsis. By Kaplan-Meier analysis with log rank comparison, there were no significant differences in the cumulative rates of PD and new HCC development between the ETV group and ADV add-on LAM treatment group, respectively (Fig. 4) . For control of bias caused by the large number of exclusion during the patients enrollment (n=101), we performed mixed-effects logistic regression analyses, and found that there were no significant differences in terms of odds ratio in the cumulative occurrence rate of new HCC and PD between ETV group and ADV add-on LAM treatment group, respectively (Table 2) .
DISCUSSION
This study provides the first comparison of the treatment outcomes, including the cumulative occurrence rate of PD, the new development of HCC and antiviral efficacies of ETV 0.5 mg in treatment-naïve patients and ADV add-on LAM combination treatment in LAM-resistant patients with CHB. As previously reported, 7 long-term nucleos(t)ide analogue therapy for adults with CHB prevents or delays the development of long-term complications including decompensated cirrhosis, CHB-related HCC or death in patients with CHB. In the current study, we defined the PD, a direct clinical comparator of the clinical outcome of different nucleos(t)ide analogue therapies for adults with CHB, as the following: (1) escalation of the Child-Turcotte-Pugh (CTP) score by more than 2 points, (2) new appearance of complications of liver cirrhosis such as ascites, bleeding gastroesophageal varices, and hepatic encephalopathy, and (3) new development of hepatocellular carcinoma and/or cirrhosis. Interestingly, there were no significant differences in the cumulative rates of PD and new HCC development between the ETV and ADV add-on LAM treatment groups, respectively (Fig. 4) . A previous multicenter, randomized, A B double-blind, placebo-controlled prospective study 17 showed that patients with the genotypic YMDD mutation to LAM were more likely to have an increased Child-Pugh score than those without YMDD mutations. In addition, a meta-analysis performed by Zhang et al., 7 in which the long-term complications were defined as the end events of the clinic including (1) decompensated cirrhosis which included the occurrence of ascites, esophageal/gastric variceal bleeding, spontaneous bacterial peritonitis or hepatic encephalopathy, (2) HBV-related HCC diagnosed histologically or by diagnostic imaging methods, given an alpha fetoprotein (AFP) level above 400 ng/mL, or (3) HBV-related death, showed that patients with antiviral drug resistance had a higher probability of long-term complications than patients without drug resistance (relative risk 2.64). However, in the current study, there were no significant differences in the cumulative rates of PD (the definition of PD of the current study was almost identical to that of the meta-analysis performed by Zhang et al. 7 ) between antiviral-naïve patients with ETV 0.5 mg medication and patients with ADV addon LAM combination treatment as a rescue therapy for proven genotypic resistance to LAM. We speculated that additional factor(s) such as the effectiveness of rescue antiviral treatment (ADV add-on LAM combination treatment in the current study) in patients with genotypic resistance to LAM could account for this difference in outcomes among the current study and previous ones. Actually, the major event-free survival was significantly better in patients remaining in virologic remission (maintenance of the initial virologic response without development of a virologic breakthrough) than in those with a virologic breakthrough, or no response to LAM. 18 Eun et al. 19 also showed that HCC developed less frequently in CHB patients with compensated liver cirrhosis who were in sustained viral suppression (HBV-DNA < 141,500 copies/mL) than those with a viral breakthrough or a suboptimal response (HBV-DNA ≥ 141,500 copies/mL). The above-mentioned findings show that persistent viral suppression demonstrated by a persistently low serum HBV-DNA level could be a determining factor of the long-term clinical outcomes in CHB patients with nucleos(t)ide analogue therapy. In the current study, the decreases in serum log 10 HBV-DNA (copies/mL) were significantly more conspicuous in antiviral naïve patients with ETV treatment than patients with ADV add-on LAM combination treatment, until 24 months after the initiation of each antiviral treatment (Fig. 1) . However, there were no significant differences in the reduction of serum log 10 HBV-DNA (copies/mL) between the two treatment groups 36, 48, and 60 months after the initiation of ETV or ADV add-on LAM combination treatment. Though, it seemed that the short-term antiviral potency of ETV was significantly higher than ADV add-on LAM combination treatment, the long-term antiviral potency was similar between the two treatments, and this analogy for long-term suppression of HBV-DNA between ETV and ADV add-on LAM treatment could explain the results of the current study which showed similar long-term clinical outcomes (cumulative occurrence rate of PD) between the two treatment groups. Genotypic resistance to ETV in treatment-naïve patients, occurring in 1.2 % of patients after 5 years of therapy, is rarely reported. 11 In the current study, the cumulative occurrence rate of viral breakthrough and genotypic resistance to ETV in antiviral-naïve patients with CHB was 9.0 % (standard error, SE 4.0%) and 4.9% (SE 2.7%) during a median (range) follow-up of 42 (24-67) months, respectively. There were no significant differences compared to the cumulative occurrence rate of viral breakthrough (11.1%, SE 4.3%) and genotypic resistance (5.6%, SE 3.1%) to ADV add-on LAM combination treatment. The above-mentioned occurrence rates of viral breakthrough and genotypic resistance of ETV were relatively higher than previously reported. 11 We speculated that although, we had strictly enrolled antiviral-naïve patients for the initial ETV 0.5 mg treatment, a small proportion of the CHB patients with previous exposure to LAM could have been enrolled in the current study population for the ETV group. In Korea, LAM has been prescribed for many years in various clinical settings, including private clinics by non-experts in liver diseases, and patients might not be aware that they have received LAM, but only thought they had prescriptions of 'liver protective medications'. It was impossible to completely sort out the patients with previous LAM exposure by history-taking only at the initial visit. Another possible explanation for the relatively high occurrence rate of viral breakthrough and genotypic resistance to ETV may be the genotypic composition of the HBV infection enrolled in the current study. The genotype of HBV enrolled in the current study was C in 100% of the patients. It was reported that CHB patients with HBV genotype C had a higher viral load than genotype B, and had a higher risk of developing HCC and showing disease progression due to the wild-type precore 1896 sequence, and basal core promoter (BCP) A1762T/G1764A mutation. 20 However, a recent meta-analysis consistently found no significant association between HBV genotype and response to nucleos(t)ide analogues. 21 Because of the limitation inherent in our study design (retrospective cohort study), head-to-head comparisons of each clinical variables for each enrolled patient of the two study groups could not be done in the current study. However, we attempted to con-
